INTRODUCTION
Sickle cell disease is a hemoglobinopathy characterized by the presence of more than 50% hemoglobin S on hemoglobin electrophoresis. The homozygote SS form is known as sickle cell anemia. Hemoglobin S can occur in association with other anomalous types of hemoglobin, and among these are hemoglobin C and thalassemia beta, thus forming different genotypes of sickle cell disease: hemoglobin SC disease and S-beta thalassemia. 1 It has been estimated that more than seven million people have hemoglobin S in Brazil, and that more than 25,000 to 30,000 people have the homozygote form, with more than 3,500 new cases born every year. 1, 2 In the S-beta globin gene, a normal codon (GAG) is replaced by another (GTG), thus resulting in exchanging the sixth amino acid of the beta globin. This exchange of glutamic acid for valine causes polymerization of hemoglobin S, when exposed to media with low oxygen tension, which leads to sickling of red blood cells. This vasoocclusive process is responsible for most of the clinical manifestations of sickle cell disease. 3, 4 Stroke is one of the most feared clinical complications from this disease because of its high morbidity-mortality. 5 In children and adolescents, the most common form is ischemic stroke, and around 5-10% of patients with sickle cell anemia present stroke by the age of 20 years. 3, 5, 6 The physiopathology of ischemic stroke differs from the mechanisms of the other complications of the disease. In autopsy studies, arteriography and other diagnostic methods, it has been observed that ischemic stroke in cases of sickle cell anemia is caused by hypertrophy of the intimal layer of the intracranial arteries, with proliferation of fibroblasts and smooth muscle of blood vessels. 3, 7, 8 Transcranial Doppler enables early detection of arterial abnormalities in individuals with sickle cell anemia, which is extremely important for instituting primary prevention. [9] [10] [11] [12] [13] [14] The normal blood flow velocities obtained through transcranial Doppler are influenced by several factors, of which the main three determinants are the difference in pressure gradient along the vessel, the vessel length and cross-sectional area (caliber) and the blood viscosity. The hematocrit level and leukocyte and platelet counts influence blood viscosity and thus may have a bearing on blood flow velocity. [15] [16] [17] [18] [19] [20] Adams et al. conducted several studies using transcranial Doppler among individuals with sickle cell anemia to demonstrate the usefulness of this examination for evaluating stroke risk. They defined normal blood flow velocity as values of up to 170 cm/s, intermediate values as 170 to 200 cm/s and values greater than 200 cm/s as critical, with a high risk of developing stroke. 8, 18, 19, 21 Among these patients, if they had abnormal results from two Doppler examinations, they received a transfusion for primary stroke prevention. 9 Blood transfusion was used because it is highly effective in reducing the risk of recurrence stroke in sickle cell anemia. 7 The clinical picture of sickle cell disease is very variable, and hematocrit levels, leukocyte counts and hemoglobin S and fetal hemoglobin percentages correlate with the clinical severity of these patients' conditions. 22 In this light, and given that these parameters have been little studied in relation to other genotypes of sickle cell disease, our aim in this study was to evaluate the results from transcranial Doppler among patients with sickle cell disease who were being followed at the Pediatric Hematology Outpatient Clinic of Universidade Federal de São Paulo (Unifesp), correlating the time-averaged maximum mean velocity obtained through transcranial Doppler with the different genotypes of sickle cell disease and the hematological characteristics.
OBJECTIVE
To evaluate the results from transcranial Doppler among patients with sickle cell disease and correlate the time-averaged maximum mean velocity obtained through transcranial Doppler with the different genotypes of sickle cell disease and the hematological characteristics.
METHODS
This was a single-center cross-sectional study on all patients with sickle cell disease between the ages of 2 and 18 years who came to the Pediatric Hematology Outpatient Clinic of Unifesp in 2004 and 2005.
The inclusion criteria were that the patients needed to have no previous clinical diagnosis of stroke and no acute crises.
Patients were excluded if they did not cooperate with transcranial Doppler examination, if they did not agree to undergo the examination, if they were using hydroxyurea or if they had received red blood cell transfusions over the preceding three months.
This study was approved by the Research Ethics Committee of Unifesp (no. 149/03). An informed consent statement was obtained from all the adults responsible for the patients participating in the study.
All the transcranial Doppler examinations were performed by the same professional, who had been trained to perform transcranial Doppler (Silva GS), using the Nicolet EME-Companion TC2000 apparatus with a 2 MHz transducer and following the criteria of the STOP (Stroke Prevention Trial in Sickle Cell Anemia) study. 9 From this examination, the time-averaged maximum mean velocities were determined every 2 mm along the following arteries: bilateral internal carotid arteries, bilateral anterior cerebral arteries, anteriormiddle cerebral artery bifurcations, middle cerebral arteries, bilateral posterior cerebral arteries, bilateral vertebral arteries and basilar artery. The highest value from the right or left middle cerebral arteries, bilateral internal carotid arteries or anterior-middle cerebral artery bifurcations was taken as the time-averaged maximum mean velocity for each patient and was used in the data analysis. When the timeaveraged maximum mean velocity result was conditional or abnormal, the examinations were repeated until two consecutive abnormal results were obtained.
The blood tests performed were total hemoglobin and hematocrit assays; leukocyte and platelet counts, performed in an electronic counter (Coulter model Ssr or Coulter model T-890); hemoglobin S assay by means of hemoglobin electrophoresis on cellulose acetate with tris-EDTA-borate buffer (pH 8.6); and fetal hemoglobin assay, quantified by means of alkaline denaturation.
The patients were divided into two groups, in accordance with the clinical and hematological differences already recognized in the literature. One group was composed of patients with the homozygote form and Sβ 0 thalassemia (group I), and the other was composed of patients with SC hemoglobinopathy and Sβ + thalassemia (group II). The results were described through calculations of means and standard deviations for variables with normal distribution. Hematological parameters predictive of time-averaged maximum mean velocities were investigated by means of univariate analysis. Pearson's coefficient was calculated to evaluate correlations between the time-averaged maximum mean velocity and the hemoglobin S percentage, fetal hemoglobin percentage, hemoglobin level, hematocrit percentage, platelet count, leukocyte count and reticulocyte percentage. The Statistical Package for the Social Sciences (SPSS) 10.0 software (SPSS Inc., Chicago, United States) was used for the statistical analyses. P values < 0.05 were taken to be statistically significant.
RESULTS
By the end of the study period, 85 patients with sickle cell disease had been evaluated. Group I was composed of 62 patients and group II was composed of 23 patients ( Table 1 ). There were no statistically significant differences between the groups with regard to age and sex.
We observed statistically significant differences between the two groups for all the hematological parameters ( Table 2) .
Group I presented a negative correlation between the time-averaged maximum mean velocity and the hematocrit percentage and between the time-averaged maximum mean velocity and the hemoglobin level. Group II presented a positive correlation between the time-averaged maximum mean velocity and the reticulocyte count and a negative correlation between the time-averaged maximum mean velocity and the fetal hemoglobin percentage ( Table 3) .
Only one patient in group I presented an abnormal velocity (1.6%). This patient with abnormal velocity had a conditional result (190 cm/s) in the first transcranial Doppler that was performed and, in the rep- etitions, presented abnormal velocity in two consecutive examinations (time-averaged maximum mean velocities of 220 cm/s and 240 cm/s). Five patients (8.1%) in group I presented conditional time-averaged maximum mean velocities ( Table 4) . It was observed that the arteries affected in these patients were the right or left middle cerebral artery in all the cases, both in the patient with abnormal and in the patients with conditional time-averaged maximum mean velocities.
DISCUSSION
The use of transcranial Doppler has become an important tool for stroke prevention among patients with sickle cell anemia. Stroke occurs four times more often among sickle cell anemia patients than among patients with SC hemoglobinopathy or Sβ thalassemia. 5 In the STOP study, which was carried out in 1998 and is the biggest study on transcranial Doppler in relation to patients with sickle cell anemia within the pediatric age group, the proportion of abnormal results was 9.7%. 9 Thus, the results differed from those of the present study, in which only one patient with a time-averaged maximum mean velocity greater than 200 cm/s was found, representing 1.6%. This finding is in agreement with the results from other studies conducted in Brazil, which also found lower frequencies of abnormal results. [23] [24] [25] In Sergipe, in 2005, Melo et al. gathered data on 34 patients with sickle cell anemia, aged less than 18 years, and compared them with 80 controls. Among the results from the patients, none of them (0.0%) presented abnormal time-averaged maximum mean velocity and four (11.7%) presented conditional results. 24 In São Paulo, Park et al. evaluated 77 patients with sickle cell disease, aged between 2 and 16 years. They found two patients (2.6%) with abnormal time-averaged maximum mean velocity and 11 (14.3%) with conditional results. 23 In Minas Gerais, in 2008, Silva et al. evaluated 153 children with sickle cell anemia, aged 2 to 16 years. They found seven patients (4.6%) with abnormal time-averaged maximum mean velocity and 16 (10.4%) with conditional results. 25 In 1999, Kinney et al. 22 investigated correlations of risk factors for stroke among patients with sickle cell anemia and found a positive correlation with the Senegal haplotype. In Brazil, the most common haplotype is Bantu, which may be a factor contributing towards this difference. The presence of alpha thalassemia, adherence molecules and thrombophilic factors such as hyperhomocysteinemia or factor V Leiden have been suggested as other likely factors involved in stroke risk. 22, [26] [27] [28] [29] [30] Group II did not present any abnormal or conditional result from transcranial Doppler, probably because of the lower severity of these patients' condition. So far, there are no data in the literature indicating screening for stroke risk using transcranial Doppler among other genotypes of sickle cell disease. In 1990, Adams et al. evaluated patients with sickle cell anemia and SC hemoglobinopathy, although only 10 SC hemoglobinopathy patients were included in the sample (190 patients) and they were analyzed together. In other studies, only patients with sickle cell anemia were included. 9, 10, 15, 21 In agreement with several other studies, there was a negative correlation in group I between the time-averaged maximum mean velocities and the hematocrit percentages and hemoglobin levels. [15] [16] [17] 19, 20, [23] [24] [25] No comparison with the literature could be made with regard to the correlation that was found in group II between time-averaged maximum mean velocities and the reticulocyte percentages and fetal hemoglobin levels, since no such data is available in the literature.
There was a statistically significant difference in the time-averaged maximum mean velocities between the groups, such that it was greater in group I. This was probably because of the lower hemoglobin levels and lower hematocrit percentages in this group (P < 0.01).
Abnormalities were only observed in the middle cerebral artery, in both cerebral hemispheres, and these were found both in the patient with abnormal time-averaged maximum mean velocities and in the patients with conditional velocities. In 1992, Adams found that around 60% of the middle cerebral arteries were affected, and that the internal carotid arteries and anterior cerebral arteries were also affected. 8, 21 Our results emphasize the importance of performing transcranial Doppler on cases of sickle cell anemia. National studies in Brazil involving the use of transcranial Doppler on large numbers of patients with sickle cell disease are needed, given that some findings differ from data in the literature. It is still uncertain whether there is a determining factor that would explain such differences, or whether the sample size would explain these findings.
Transcranial Doppler does not seem to be a priority examination in relation to the other genotypes of sickle cell disease. Longitudinal follow-up studies on patients with different sickle cell genotypes and their respective transcranial Doppler findings are needed to confirm this hypothesis.
CONCLUSION
There was a low prevalence of abnormal Doppler results in patients with sickle-cell disease. Time-average maximum mean velocity was significantly different between the genotypes and correlated with hematological characteristics.
